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Equipment Used in Electronics Drafting 


The equipment used in electronics drafting is, for the most part, the 

same as that used in mechanical drafting, such as: 

Drawing board 

24" T square 

45*/90* triangle 

30°/60° triangle 

Compass 

X-acto knife 

Protractor 

Scale (12" preferred with both 

1/32" and 1/50" increments) 

French curve 

Erasing shield 

Dusting brush 

Drafting (or masking) tape 

Ruby drafting eraser 

Drafting pencils (H, 2H, and 4H) 

or automatic preferred 
Sandpaper pad or file 
The above list is the usual equipment required for mechanical drafting, 

which is the same as required for electronics drafting. The student having 
these items but in different sizes need not purchase any new equipment other 
than an electronics template. 

Electronics template MIL-STD-15-1A 
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We respectfully dedicate this book to our families and our 
friends, and to the advancement of technical education. 


Preface 


Electronics Drafting Workbook was written to give students a realistic feel for elec- 
tronics drafting and to supplement the resources of the employed draftsman by means 
of the lesson samples and, especially, the appendixes. 

The book is written for the student between high school and college, say, the last 
two years of high school or the first two years of college. It can also be used easily by 
adult education programs as well as by correspondence or home study students. The 
material presented is largely based on the electronics drafting course taught at 
Los Angeles Valley College since 1959 for both day and evening classes, as well as 
at the Adult Occupational Training Center, Woodland Hills, California, with a great 
deal of success. The course at Los Angeles Valley College is credit-transferable to 
California Polytechnic Institute (which is fully accredited) and meets the electronics 
drafting requirements for the electronics engineer's degree. 

The sequence of lessons was designed with these considerations in mind: 

1. To progress from a simpler, or more familiar, kind of drawing to one that is 
slightly more complex. Therefore it would be well to follow the exercises in order 
where feasible. 

2. To start the student out immediately doing electronically related drafting, with- 
out spending too much time on conventional mechanical drafting review, and to 
develop a consecutive interest in electronics drafting concepts. 

3. To present the most frequently used types of drawings first and infrequently 
used types of drawings last (i.e., based on the experiences of most beginning draftsmen). 

4. To culminate the various ideas in a project at the end of the semester, or at 
least to indicate how this can be done. 

The basic technique of instruction used here is to present a little theory and an 
exercise on each page with a step-by-step "learn by doing" approach. Another tech- 
nique is to develop the habit of looking up new information (in the appendix, cata- 
logs, etc.) and checking back old information (from previous exercises, drawings, etc.). 

The authors wish to thank the many people who contributed to the preparation 
of this book. In particular, we would like to mention: 

ITT Federal Laboratories, San Fernando, California 

Harold Emus, senior member of the technical staff of the ITT Federal Lab- 
oratories, San Fernando, California 

Carlos Miller, Director of Product Operations, ITT Federal Laboratories, San 

Fernando, California 
The General Electric Company, for the FM Tuner schematic diagram (page 27) 
and the Power Supply schematic diagram (page 55) 

RCA, for the color and black and white TV Receiver block diagram (page 20) 

The Zenith Electric Co. for the color TV block diagram (page 22) 

We would also like to express sincere appreciation to the following firms which 
contributed to, and are represented in, our appendixes: 

Arco Electronics, Inc., Alpha Wire Corp., General Electric Company, Grayhill, Inc., 
Herman H. Smith, Inc., Hughes Semiconductors, Littelfuse Incorporated, Ohmite Mfg. 
Co., Texas Instruments Incorporated, Triad Transformer Corporation, USECO, Vitramon, 
Inc., Westinghouse Electric Corporation, and Department of Defense Military Standards. 


Cyrus Kirshner 
Kurt Stone 
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Exercise. Complete the drawing of the chassis below showing three views (front, top, and back) 
plus Detail H (hole pattern for C1 and C2), and fill in hole chart. (See Lesson £1 for reviewing 
hole-pattern details). Scale: half size 
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SHEET 


SPOT WELD 
FLANGES (TYP) 


TOP VIEW 


SCALE 


SIDE VIEW 





HOLE CHART 


HOLE| DESCRIPTION 
125 DIA. 
.180 DIA. 
.250 DIA. 
.875 DIA. 
SEE RECOMMENDED 
CHASSIS CUTOUT, 
PAGE 83. 
DRAW IT ABOVE 


DETAIL Н AND 2 
5 PLACES IN TOP 


7 F .47 OT S VIEW. 

.48 NOTES: 
“0 1. MATERIAL; ALY SHEET X, ТНК. 
PER 00-А-327 6061-T6 COND T 
| DOS 
.510 


FRONT VIEW 


2. FINISH: ALODINE PER MIL-C- 
5541. 
EXTERNAL SURFACES 
TO BE PAINTED GREY. 
DETAIL J DETAIL H SILK SCREEN OR RUBBER STAMP 
ALL IDENTIFICATIONS (ON, OFF, 
FUSE, OUTPUT) 
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Complete the List of Material and the Electrical Parts List below. Use the assembly drawing and 
appendixes for reference. 
AR HOOKUP WIRE AWG. 22, PER MIL-W-16878 
AR SOLDER SOFT PER QQ-S-571 
SWITCH TOGGLE 
PLUG AC 2 CONDUCTOR CORD, RUBBER-JACKETED 
AWG 18 (41 х 34) .245 O.D. 
J1 JACK 
CAPACITOR 
ELECTROLYTIC 
FUSE 
SCHEMATIC 
DIAGRAM EMD-1 Sheet 1 of 1 
WIRING 
DIAGRAM WD-2 Sheet 1 of 1 (Page 63) 
F: MANUFACTURER AND PART NO. 
ДРЕА OR MIL TYPE DESIGNATION 
ELECTRICAL PARTS LIST 


ЕЗ WASHER, LOCK, SPLIT, NO. 8 
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WASHER MS35337-78 
EX WASHER, М515795-307 


15 : : 
14 
13 
12 ч 
чор з =, 

М535221-44 


SOLDER LUG (NO. 8) 
LITTELFUSE, INC. 


1 TERMINAL BOARD ASSEMBLY (ТВ1) EMD-2 SHEET 2 
CHASSIS EMD-3 SHEET 1 


5 MANUFACTURER 4 PART МО. 
REQ'D DESCRIPTION OR MIL TYPE DESIGNATION 


LIST OF MATERIAL 


WASHER, FLAT, NO. 4, CRES 
М535649-84 
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DATE COURSE GRADE SCALE PAGE 
SHEET 2 OF 2 61 
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COMPONENT OUTLINE RECOMMENDED CHASSIS 


CUT OUT 
27 1 3/8 DIA. 
ES D 


| 


APPENDIX B 


ЭР- 


COMPONENT NO. CTM-1284 


MANUFACTURER REF. DESIG. COMPONENT: 1500 MFD, 50V 
ARCO ELECTRONIC INC. C ELECTROLYTIC CAPACITOR 


COMPONENT OUTLINE 


E] [Г .906 


НЫ 


SYMBOL 
1/16 x 3/32 
SLOT 


2 HOLES 


COMPONENT OUTLINE 


MANUFACTURER REF. DESIG. COMPONENT: COMPONENT NO. 
HERMAN H. SMITH, INC. J JACK, 2 PINS 1982 





COMPONENT: REF. DESIG: 
SWITCHES , TOGGLE S 
SINGLE POLE 


FED. SUP CLASS 
5930 


6-32 NC-2A X] LONG 
BRS PAN HO, SILVER OR TIN PL, 
MS35338-98 OR MS35333-88 

| REQD FOR EACH TERMINAL 
DETAILS OF TERMINAL OPTIONAL 


3* TAPE [ 
esc 
MARKING 
8-1 [owe 45:19 . \ (EITHER SWE) 
.2407.003 DIA SPHER R 
[/ N 79 = 


савны” 2 


SCREW TERMINALS 


- PT SST 
HEX MTG NUT, 43-32 NS- 28; айна балы 


58623016 ACROSS FLATS, 

отг "992 THK, BRS NI PL QQ-N- 290 5 
NONGLARE, OR CAD PL 00-Р-416 pos ТАК КЕК САРА S9 
TYPE 1, OR SST, 2 REQO 





FORMER MS PART NO. FOBMER CIRCUIT WITH TOGGLE LEVER IN 
JAN 


FORMER Down 
MS PART NO. SCREW-LUG SOLDER'/-LUG AN TYPE Up Center position 
TERMINAL TERMINAL PART NO. DESIGNATION | Position | position Sede 
— AN3021-1 
MS35058-16 = 
— AN3021-2 
MS35058-9 — 
= | АНЗо213- 
MS35058-15 
— AN3021-10 
MS35058-12 
MS35058-14 
MS35058-6 — 
— MS35058-17 
MS35058-7 — AN3021-7 
— MS35058-18 
MS35058-2 — AN3021-11 
MS35058-28 MS38058-13 = Mom on 
AN3021-9 


AN3021-8 









































Mom on 





MS35038-26 





MS35058-27 Mom on 























MS35058-10 


MS35058-29 | 
MS35058-30 | 
| 


Mom off 

















MS35058-11 А 
MS35058-8 - AN3021-6? 
= MS35058-19 = 








MS35058-31 

















'These MS part numbers are superseded by MS part numbers MS35058-21 to MS35058-31, inclusive, 
as applicable. By removing the screws and lockwashers from the applicable part, a switch with solder-lug 
terminals is formed. 

2With jumper removed. 


P.A. USAF TITLE 
ү SWITCHES, TOGGLE, SINGLE POLE, ONE-HOLE MOUNTING 
Other Cust Wee (SEALED TOGGLE BUSHING) 


PROCUREMENT SUPERSEDES: Air Force — Navy Aeronautical Standard 
SPECIFICATION AN3021 dated 12 January 1954 


MIL-S-3950 


(8) 15April1958 © 20 June 1960 


REVISED (4) 17 May 1955 


APPROVED 24 July 1951 


APPENDIX B 


COMPONENT OUTLINE 
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FED SUP CLASS 
5305 


Nominal Size 
Threads Per Inch 











Body Diameter 





Head Diameter 








Head Height 





Slot Width 











Slot Depth 


Radius On Head 
Radius Under Head 018 


Tolerance No. FIIN 
11 


ash 

о. 
043-6472 24 043-6500 043-6528 
043-6473 25 019-3254 043-6529 
043-6474 019-3256 043-6530 
043-6475 043-6501 043-6531 


043-6476 043-6502 043-6532 
043-6477 043-6503 043-6533 
043-6478 043-6504 043-6534 
043-6479 043-6505 043-6535 


043-6480 043-6506 043-6536 
043-6481 043-6507 043-6537 
043-6482 043-6508 043-6538 
043-6483 043-6509 043-6539 


043-6486 043-6510 043-6540 
043-6511 043-6541 
043-6512 043-6542 

043-6543 


sin 043-6544 
Ийе 043-6545 
сотр!еїе 043-6546 
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REVISED 


Materials: Carbon Steel, Specification QQ-W-409 or QQ-S-633, except Bessemer Compositions; 55,000 PSI minimum ultimate 
tensile strength. 


Finish: Plain (untreated). 
Threads: The threads shall be in accordance with Screw-thread Standards for Federal Services Handbook H-28. 


Notes: (1) Referenced documents of issue in effect on date of invitation for bids shall apply. 
(2) In case of conflict with any referenced document, this standard will govern. 
(3) The MS part number consists of the MS sheet number, plus the dash number. Example: MS 35221-1. 
(4) АП dimensions in inches. 


APPROVED FEB 9 1954 


CUSTODIANS OTHER INT. 
Wero ш е? ILE MILITARY STANDARD — 
AF — USAF AF — PLAIN FINISH, NC-2A AND UNC-2A 
PROCUREMENT SPECIFICATION 
аа ың шэг 001202 0 CTI TM 


HARDWARE 





FED SUP CLASS 
5310 


21 


а ACCEPTABLE OESIGNS 


Nominal Size or Basic Major 
Dia. of Thread 


Threads per Inch 











Width Across Flats 





Width Across Corners 





Nom Xs 
E Thickness Max .066 
Min 4087 
Material and Protective Dash 
Coating No. FIIN 
Steel, Carbon 
Uncoated 019-1716 011-4776 275-1706 275-6800 
Cadmium or Zinc Optional 013-4524 013-4530 012-0622 
Phosphate 275-9301 275-9310 
Steel, Corrosion Resisting 
Passivated 271-4640 271-4642 271-4644 271-4645 
Brass 
Uncoated 
Tin Plated 
Nominal Size or Basic Major 
Dia. of Thread 


Threads per Inch 











APPENDIX C 

















Width Across Flats 








Width Across Corners 








Thickness г ^ 


Material and Protective Dash Dash 
Coating No. РИМ Мо. 


Steel, Carbon 

Uncoated 350-3384 

Cadmium or Zinc Optional 012-0361 

Phosphate 281-5341 
Steel, Corrosion Resisting 

Passivated 275-5095 
Brass 

Uncoated 

Tin Plated 


Material: Steel, Carbon, (Commercial Grade) except Bessemer Steels. 
Steel, Corrosion Resisting, Federal Standard No. 66, Steel Numbers: #303, 304, 305, 410, 416, 430. 
Brass, Naval, Specification MIL-B-994, Composition A or C. 
Protective Coating: Cadmium Plate, Specification QQ-P-416, Type ПІ, Class C. 
Zinc Plate, Specification QQ-Z-325, Type II, Class 3. 
Phosphate, Specification MIL-C-16232, Type ПІ. 
Tin Plate, Specification MIL-T-10727, Type | or II, .0001 thick. 
Thread: The threads shall be in accordance with Screw-Thread Standards for Federal Services, Handbook H-28. 
Notes: (1) Referenced documents shall be of the issue in effect on date of invitations for bid. 
(2) This document has been promulgated by the Department of Defenst as the Military Standard to 
limit the selection of the item, product or design covered herein in engineering, design and procure- 
ment. This standard shall become effective not later than 90 days after the latest date of approval 








REVISED 


shown. 
(3) This standard takes precedence over documents referenced herein. 
(4) Nuts shall be free from burrs, scale and all other defects that would affect their serviceability. 
(5) The MS part number consists of the MS sheet number, plus the dash number. Example: MS35649-22. 
(6) АП dimensions in inches. . 


CUSTODIANS OTHER INT. 

A — ORD А — CESicT MILITARY STANDARD 

N — SHIPS N — МСОкү NUT, PLAIN, HEXAGON, MACHINE SCREW, NC-2B MS35649 
AF — USAF AF — 


PROCUREMENT SPECIFICATION SH 
FF-N-836 EET 1 OF 1 


APPROVED 22 DEC 55 


HARDWARE 











TOLERANCES 


FED SUP CLASS ` 
5310 
+.010 ON OUTSIDE DIAMETER. 


+.005 ON INSIDE DIAMETER UP TO AND INCLUDING #10. 
+.010 ON ALL OTHER INSIDE DIAMETERS. 

INSIDE AND OUTSIDE DIAMETERS SHALL BE CONCENTRIC 
WITHIN THE TOLERANCE OF THE INSIDE DIAMETER. 















“с” Ni-Cu 
THICKNESS 


ALUMINUM 
ALLOY 





COPPER BRASS 











APPENDIX C 
























































AII dimensions are in inches. 
MATERIALS: Steel, Corrosion Resisting; QQ-S-765, 60,000 psi minimum tensile strength, 1% minimum elongation in 
2 inches. 
Nickel — Copper Alloy (Monel); QQ-N-281, Class A 
Copper; QQ-C-576 1 
Brass, Half Hard, QQ-B-611, Composition C 
Aluminum Alloy, Half Hard; QQ-A-359 
PROTECTIVE COATINGS: 
Corrosion Resisting Steel Washers shall be passivated. 
Aluminum Alloy Washers shall be anodized in accordance with MIL-A-8625 or given a chemical film in 
accordance with MIL-C-5541. 
IDENTIFICATION NUMBER — (MS Number) — (Washer Dash No.) 
Example: MS 15795 — 318 would be the identification number of a % nominal size corrosion resisting 
steel washer with a 1.062 outside diameter. 
NOTES: 1. In case of conflict with any referenced document this standard will govern. 
2. Referenced documents shall be the issue in effect on the date at invitation for bids. 
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1954 






















APPROVED 2 June 
















HARDWARE 


CUSTODIANS | OTHER INT. IT. R Т. DARD 

Ord A — CESieT MILITARY STAN 

NOrd N — ASHYMC WASHERS, FLAT, MS15795 
USAF AF — METAL, ROUND, GENERAL PURPOSE 








PROCUREMENT SPECIFICATION 
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WASHER, LOCK, SPLIT, HELICAL, LIGHT SERIES 


SUPERSEDES: 














"ооо ORDO 




















N — МСОХАЗҮ 


AF — 


A — CES'eT 
PROCUREMENT SPECIFICATION 


OTHER INT. 

















CUSTODIANS 
A — Ord 





SCREW CLEARANCE AND HOLE CHART 


SINGLE 
HOLE 
DIA. 


.089 (#43) 
.120 (#31) 
.144 (#27) 
72 (16) 
.194 (#11) 
.257 (F) 
.316 (0) 
.386 (W) 
„453 (%) 
516 (%) 
.578 (%4) 
.641 (%) 


CSK. SHT. 
MIN. THICKNESS | CSK. DIA. 
82" 100° +.005 


FOR MULTIPLE HOLE PATTERN USE THE FOLLOWING FORMULAS:* 
FOR CLEARANCE HOLE ON TAPPED ONLY 
2 HOLE PATTERN 
3 HOLE PATTERN 
4 HOLE PATTERN 
6 HOLE PATTERN 


OR MORE THAN 
6 HOLES. 


FOR CLEARANCE HOLE ON CLEARANCE HOLE 
DIVIDE THE LAST PART BY 2 


CSK. ANGLE 
2b , 4t etc. CSK. DIA. 
2 2 y 7 ЗНЕЕТ 
THICKNESS 


EXAMPLE: 


1. 


Head Screw? 


WHERE D — CLEARANCE HOLE DIA. 
d = SCREW BODY DIA. 
t = TOLERANCE (© їо = HOLE) 


What is the hole Dia. for a single #6-32 Binding 
HOLE 22 


; +.005 
ANSWER: .144 — 001 DIA. 


. What is the hole Dia. for a single 4-40 82° Flat 


Head Screw? 


ANSWER: .120 005 DIA. HOLE 


CSINK .225 DIA. x 82" 


. What hole Dia. should be drilled for a 4-40 Binding 


Head Screw, 4 Places, (Tolerance between holes & 
to 15 =.005) 
ANSWER; D — d + 2.821 

D = .112 + (2.82 x .005) 

D = .112 + .0141 = .1261 
Therefore Hole Dia. should read to the largest Drill 
Size (See Appendix E) 


+.005 
198 Тэс: DA 


4 HOLES 


STANDARD DRILLED HOLE 
TOLERANCES 


HOLE DIA. TOLERANCE 


+.004 
0188 THRU 195 | ЖЫ 


+.005 
126 THRU 280 | ЖО 


+.006 
.251 THRU .500 — 001 


+.008 
501 THRU .750 | 7667 


+.010 
751 THRU 1.000 — O01 


1.012 
1.001 THRU 2.000 — 001 


*For exercises see Lesson NO. 1 
"MECHANICAL DRAFTING REVIEW.” 
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SCREW CLEARANCE AND HOLE CHART 
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ма = М УЛ ИМ = У 
М = М 3/M-I Ma =u 
ІЗ-М ч/з =1 13-34 
(М)5 ШУМ (DS343dWV (4)SWHO 
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